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© Transmission power control for a DS/FH-CDMA system. 



© A base station" (51) transmits a first signal spread 
according to a direct spread scheme and having 
carrier frequencies hopped between two frequencies 
f1 and f2. In a mobile station (71 ), output signals of 
two carrier generators (88, 89) are changed over by 
a change-over switch (90). When the signal trans- 
mission frequency in the base station (51) is fl, the 
mobile station (71) receives the first signal having 
the frequency f1 and transmits a second signal hav- 
ing the frequency f2. When the signal transmission 
frequency in the base station (51) is f2, the mobile 
station (71) receives the first signal having the fre- 
quency f2 and transmits the second signal having 
the frequency M. A received power level detector 
(77) in the mobile station (71) detects a power level 
of the first signal received during each hop (the 
duration of the same frequency), and, on the basis of 
the detected power level, a transmission power level 
control circuit (84) controls the power level of the 
second signal to be transmitted during the next hop, 
that is, at the time of transmission of the second 
signal having the same carrier frequency as that of 
the first signal whose power level has been detected. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a wireless mobile sys- 
tem, such as, a digital land mobile radio-telephone, 
a portable telephone or the like used for radio 
communication of speech information. 

Description of the Related Art 

A CDMA (code division multiple access) 
scheme is one of multiple access schemes pro- 
posed hitherto so that a plurality of radio stations 
can simultaneously make radio communication be- 
tween them in the same frequency band. An FDMA 
(frequency division multiple access) scheme and a 
TDMA (time division multiple access) scheme are 
known as other schemes. The CDMA scheme is 
advantageous over the FDMA scheme and the 
TDMA scheme in that it exhibits higher efficiency 
of frequency utilization and can accommodate 
more users. 

In the CDMA scheme, the multiple access is 
made by means of spread spectrum communica- 
tion in which, prior to transmission of an informa- 
tion signal, the spectrum of the information signal 
is spread over a band sufficiently wide as com- 
pared to the original bandwidth of the information 
signal. A direct spread scheme refers to a scheme 
in which an information signal is directly multiplied 
by a spreading code in a spreading process. A 
frequency hopping scheme refers to a scheme in 
which a carrier frequency of a signal modulated by 
information is changed over in a discrete mode 
within a given frequency band. A hybrid CDMA 
scheme refers to the CDMA scheme in which the 
direct spread scheme and the frequency hopping 
scheme are combined together, as described in a 
paper entitled "COHERENT HYBRID DS-FFH 
CDMA" (S. TOMISATO, K. FUGAWA, H. SUZUKI, 
Technical Report of IEICE, RCS92-109, pp. 61-66, 
1993-01). 

The CDMA scheme using the direct spread 
scheme may encounter the so-called "near-far 
problem" resulting in impossibility of communica- 
tion between a mobile station and a transmission 
station, with which the user desires to make com- 
munication, when the desired transmission station 
is located remote from the mobile station while a 
non-desired transmission station (an interference 
station) is located near the mobile station. This is 
because the power level of a signal received from 
the interference station is higher than that of a 
signal received from the desired transmission sta- 
tion, and the amount of the processing gain (the 
spread gain) is not enough to suppress the cross- 
correlation between the spreading codes any more. 



Thus, in a cellular system based on the CDMA 
scheme using the direct spread scheme, it is es- 
sentially required to control the transmission power 
according to the state of each transmission channel 

5 in the reverse link from the mobile station to the 
base station. 

Further, in order to deal with fading resulting in 
degradation of the circuit quality in the case of land 
mobile communication too, a method has been 

70 proposed for controlling the transmission power so 
as to compensate variation of the instantaneous 
value of the received power level. 

JR-A-4-502841 discloses one structure of a 
system for controlling the transmission power in a 

75 cellular system based on the CDMA scheme using 
the direct spread scheme. Figs. 1A and 1B show 
the structure of the disclosed system. In Fig. 1A, 
the reference numerals 1, 2, 3, 4, 5, 6, 7, 8, 9 and 
10 designate a base station, a transmission data to 

20 be transmitted, a baseband processor, a modulator, 
an adder, an antenna, an analog receiver, a digital 
receiver, a received power level detector and a 
reception data, respectively. In Fig. 1B, the refer- 
ence numerals 11, 12, 13, 14, 15, 16, 17, 18, 19 

25 and 20 designate a mobile station, an antenna, an 
analog receiver, a digital receiver, a baseband pro- 
cessor, a reception data, a transmission data to be 
transmitted, a modulator, a control processor and a 
transmission power level control circuit, respec- 

30 tively. 

In the structure shown in Figs. 1A and 1B, 
different frequency bands are used for a forward 
link from the base station 1 to the mobile station 1 1 
and a reverse link from the mobile station 1 1 to the 

35 base station 1. This method is called an FDD 
(frequency division duplex) scheme and has such 
features among others that both the transmitter and 
the receiver can be simultaneously operated, and 
the transmitter does not interfere with the operation 

40 of the receiver. 

In the case of the FDD scheme in which dif- 
ferent frequency bands are used for the reverse 
link and the forward link, the center value of the 
level of the received electric field shows gentle 

45 variation which is generally the same in both the 
reverse link and the forward link, but variation of 
the instantaneous value due to fading is not the 
same. Therefore, the method for controlling the 
transmission power is such that the overall power 

50 level received at the mobile station 1 1 is first 
detected by the digital receiver 14, and the de- 
tected power level is used to control the transmis- 
sion power level by the transmission power level 
control circuit 20, thereby compensating variation 

55 of the center value of the power level received from 
the base station 1. This method is called an open- 
loop transmission power control method. Further, 
because the open loop only is not enough to attain 
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the desired compensation for variation of the in- 
stantaneous value, the received power level detec- 
tor 9 in the base station 1 detects the power level 
of the signal received from the specific mobile 
station 1 1 after reception and separation of the 
multiplex signal. Then, on the basis of the result of 
detection by the received power level detector 9, 
the base station 1 fetches the state of the reverse 
link in the frequency band allocated to the reverse 
link, and the base station 1 transmits a signal for 
controlling the power level of a signal transmitted 
from the mobile station 11 , so that the signal hav- 
ing the desired power level can be received by the 
base station 1. In response to the transmission 
power control signal transmitted from the base 
station 1, the transmission power level is further 
controlled in the mobile station 11 so as to attain 
the desired compensation for variation of the in- 
stantaneous value. This method is called a closed- 
loop transmission power control method. 

As described above, the CDMA scheme using 
the FDD scheme attains the desired transmission 
power control by the combination of the open loop 
and the closed loop. 

However, in the case of the transmission power 
control in which the different frequency bands are 
used for the reverse link and the forward link, 
gentle variation of the center value of the level of 
the received electric field is generally the same in 
both the reverse link and the forward link, but 
variation of the instantaneous value due to fading is 
not the same. Thus, because of the necessity for 
the transmission power control based on the closed 
loop, the base station 1 requires provision of 
means for detecting the power levels received from 
all the mobile stations so as to recognize the states 
of the reverse links and means for transmitting that 
information to all the mobile stations, resulting in 
complexity of the structure of the system. Further, 
in the method tor controlling transmission power by 
the closed loop, the mobile stations are informed of 
the states of the reverse links with a delay time 
due to the time required for the received power 
level detection processing in the base station and 
also a delay time due to the necessity for propaga- 
tion of that information to all the mobile stations. 
Thus, the desired variation compensation faster 
than the total delay time described above cannot 
be attained. 

A paper entitled "POWER CONTROL IN 
PACKET SWITCHED TIME DIVISION DUPLEX DI- 
RECT SEQUENCE SPREAD SPECTRUM COM- 
MUNICATIONS" (R. ESMAIL2ADEH, M. 
NAKAGAWA, A. KAJIWARA, Proc. of VTC92, pp. 
989-992, 1992) describes a method for transmis- 
sion power control based on a CDMA/TDD 
scheme. The term TDD (time division duplex) des- 
ignates a scheme in which the same frequency 



band is. used for signal transmission and reception. 
This TDD scheme is also called a ping-pong 
scheme, and the same radio frequency is used for 
signal transmission/reception in a time division 
5 mode. Fig. 2 shows the concept of the TDD 
scheme. At time T1, a base station participates in 
signal transmission, while a mobile station partici- 
pates in signal reception, and, at time T2, the 
mobile station participates in signal transmission, 
w while the base station participates in signal recep- 
tion. Repetition of such a manner of signal trans- 
mission and signal reception realizes communica- 
tion using a single frequency band. 

The transmission power control according to 
75 the CDMA/TDD scheme is based on open loop 
control only and will be described by reference to 
Figs. 3A and 3B. In Fig, 3A, the reference numerals 
21, 22, 23, 24, 25, 26, 27, 28 and 29 designate a 
base station, a transmission data to be transmitted, 
20 a modulator, a spreader, a change-over switch, an 
antenna, a correlation detector, a demodulator and 
a reception data, respectively. In Fig. 3B, the refer- 
ence numerals 31, 32, 33, 34, 35, 36, 37, 38, 39, 
40 and 41 designate a mobile station, an antenna, 
25 a change-over switch, a correlation detector, a de- 
modulator, a reception data, a transmission data to 
be transmitted, a modulator, a received power level 
detector, a transmission power level control circuit 
and a spreader, respectively. 
30 In the structure shown in Figs. 3A and 3B, at 

the base station transmission/mobile station recep- 
tion timing as shown at time T1 in Fig, 2, the 
change-over switch 25 is connected to the spread- 
er 24 in the base station 21 , while the change-over 
35 switch 33 is connected to the correlation detector 
34 in the mobile station 31. In the base station 21, 
the transmission data 22 to be transmitted is modu- 
lated by the modulator 23 and then spread by the 
spreader 24 to be transmitted from the antenna 26. 
*Q !n the mobile station 31, the signal transmitted from 
the base station 21 through the transmission path 
is received by the antenna 32, and, after correlation 
detection by the correlation detector 34, the output 
signal of the correlation detector 34 is inputted to 
45 the demodulator 35 to reproduce the reception data 
36. The output signal of the correlation detector 34 
is also inputted to the received power level detec- 
tor 39 which detects the power level of its own 
communication channel received by the mobile sta- 
50 tion 31. Then, at the mobile station transmis- 
sion/base station reception timing as shown at time 
T2 in Fig. 2, the change-over switch 33 is now 
connected to the spreader 41 in the mobile station 
31, while the change-over switch 25 is now con- 
55 nected to the correlation detector 27 in the base 
station 21. In the mobile station 31, the transmis- 
sion data 37 to be transmitted is modulated by the 
modulator 38, and the transmission power level 
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control circuit 40 determines the transmission pow- 
er level on the basis of the output signal of the 
received power level detector 39 appearing at the 
time T1, so that the power level received by the 
base station 21 can be maintained constant without s 
being affected by fading or the like. The output 
signal of the transmission power level control cir- 
cuit 40 is spread by the spreader 41 to be trans- 
mitted from the antenna 32. In the base station 21, 
the multiplex signal transmitted from a plurality of w 
mobile stations 31 through the transmission path is 
received by the antenna 26, and the signal from 
the specific mobile station 31 is separated by the 
correlation detection function of the correlation de- 
tector 27. The separated signal is then demodu- ;s 
lated by the demodulator 28 to reproduce the re- 
ception data 29. 

Thus, in the CDMA/TDD scheme in which the 
same frequency band is used for both the reverse- 
link and the forward link, variation of the distance of 20 
the radio path and variation of the instantaneous 
value due to fading are the same for both the 
reverse link and the forward link. Therefore, open- 
loop transmission power control as described 
above is merely required for attaining the desired 25 
compensation for the variations slower relative to 
the TDD period. 

However, in the transmission power control ac- 
cording to the CDMA/TDD scheme in which the 
same frequency band is used for both the reverse 30 
link and the forward link, the mobile station can 
recognize the state of the paths on the basis of 
only the signal received from the base station, so 
that the desired transmission power control can be 
attained by the use of the open loop only. But, due 35 
to the fact that, at the mobile station transmis- 
sion/base station reception timing, the mobile sta- 
tion participating in the signal transmission only 
cannot recognize the state of the reverse link at 
that time and cannot follow up abrupt variation of 40 
the received power level even when the received 
power level is subjected to such abrupt variation 
due to, for example, shadowing by a building exist- 
ing in the path. Especially, when the received pow- 
er level sharply increases, the signal transmitted 45 
from this mobile station will adversely affect the 
system. Further, because each of the mobile sta- 
tions detects, after the correlation detection by the 
correlation detector, the power level of the signal 
received through its own communication channel, a 50 
difference in the spreading codes between the in- 
dividual mobile stations and a difference in the data 
transmitted to the individual mobile stations through 
their own communication channels result in a cor- 
responding difference between the auto-correlation 55 
values and also a corresponding difference be- 
tween the cross-correlation values. Thus, the accu- 
racy of the received power level detection differs in 



the individual mobile stations. Also, because the 
transmission power level of the signal transmitted 
from the base station changes when the transmis- 
sion power level is also controlled in the base 
station, the individual mobile stations cannot ac- 
curately recognize the state of the paths. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 
vide a wireless mobile system in which the trans- 
mission power level can be controlled at high 
speed and with high accuracy. 

The present invention which attains the above 
object provides a wireless mobile system based on 
a hybrid CDMA scheme using the combination of a 
direct spread scheme and a frequency hopping 
scheme as a multiple access scheme in which a 
hopping pattern is selected so that a carrier fre- 
quency used for signal transmission through a for- 
ward link from a base station to a mobile station 
and another carrier frequency used for signal trans- 
mission through a reverse link from the mobile 
station to the base station may not overlap each 
other at the same time, and a first signal transmit- 
ted from the base station and a second signal 
transmitted from the 'mobile station are multiplexed 
in the same frequency band including the carrier 
frequencies. 

In the wireless mobile system according to the 
present invention, a pilot channel common to all 
mobile stations is provided in addition to a commu- 
nication channel used for communication through 
the forward link. 

Therefore, according to the present invention, 
the same frequency band can be used for both the 
reverse link and the forward link, and, on the basis 
of the power level of the signal received from the 
base station, the mobile station can immediately 
recognize the state of the radio path, so that the 
transmission power can be controlled at high speed 
whose unit is the hop (duration of the same fre- 
quency). 

Further, by the use of the pilot channel, the 
state of the radio path can be recognized indepen- 
dently of variation of the power level of the signal 
transmitted from the base station through the com- 
munication channel. Therefore, an undesirable dif- 
ference between the power levels received by the 
individual mobile stations due to, for example, the 
difference of the data modulation and the differ- 
ence of the spreading codes can be avoided, so 
that the desired transmission power control can be 
achieved with further higher accuracy. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A and IB are a block diagram showing 
the structure of a prior art wireless mobile system 
based on an FDD scheme. 

Fig. 2 shows the concept of arrangement of 
channels in a TDD scheme. 

Figs. 3A and 3B are a block diagram showing 
the structure of a prior art wireless mobile system 
based on the TDD scheme. 

Fig. 4 is a block diagram showing the structure 
of a base station in an embodiment of the wireless 
mobile system according to the present invention. 

Fig. 5 is a block diagram showing the structure 
of a mobile station in the embodiment of the wire- 
less mobile system according to the present inven- 
tion. 

Fig. 6 shows the concept of arrangement of 
channels in the wireless mobile system embodying 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

An embodiment of the present invention will 
now be described by reference to Figs. 4 and 5. 
Fig. 4 shows the structure of a base station gen- 
erally designated by the reference numeral 51. 
Referring to Fig. 4, the base station 51 includes a 
modulator 53, a spreader 54, a pilot channel gener- 
ator 55, an adder 56, a first multiplier 57, a trans- 
mission band-pass filter (BPF) 58, an antenna 59, a 
reception band-pass filter (BPF) 60, a second mul- 
tiplier 61, a correlation detector 62, a demodulator 
63, a first carrier generator 65, a second carrier 
generator 66, and a change-over switch 67. 

Fig. 5 shows the structure of a mobile station 
generally designated by the reference numeral 71 . 
Referring to Fig. 5, the mobile station 71 includes 
an antenna 72, a reception band-pass filter (BPF) 
73, a first multiplier 74, a pilot channel correlation 
detector 75, a communication channel correlation 
detector 76, a received power level detector 77, a 
phase detector 78, a synchronization circuit 79, a 
demodulator 80, a modulator 83, a transmission 
power level control circuit 84, a spreader 85, a 
second multiplier 86, a transmission band-pass fil- 
ter (BPF) 87, a first carrier generator 88, a second 
carrier generator 89, and a change-over switch 90. 
Usually, there are a plurality of such mobile sta- 
tions 71 associated with such a single base station 
51. 

The wireless mobile system embodying the 
present invention uses a hybrid CDMA scheme as 
its multiple access scheme. In the system, a hop- 
ping pattern is selected so that a carrier frequency 
used for signal transmission through a forward link 
from the base station 51 to the mobile station 71 
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and another carrier frequency used for signal trans- 
mission through a reverse link from the mobile 
station 71 to the base station 51 may not overlap 
each other, and a transmission signal transmitted 
5 from the base station 51 to the mobile station 71 
and a transmission signal transmitted from the mo- 
bite station 71 to the base station 51 are mul- 
tiplexed in the same frequency band including 
these carrier frequencies. Fig. 6 shows the concept 
70 of frequency hopping between the two carrier fre- 
quencies fl and f2 in the illustrated embodiment. 
At time T1, the base station 51 transmits the trans- 
mission signal whose carrier frequency is f2, while 
the mobile station 71 transmits the transmission 
is signal whose carrier frequency is f 1 . At time T2, 
the base station 51 transmits the transmission sig- 
nal whose carrier frequency is hopped from f2 to 
f1, while the mobile station 71 transmits the trans- 
mission signal whose carrier frequency is hopped 
20 from f1 to f2. The duration of the same carrier 
frequency is called one hop. The above manner of 
frequency hopping attains communication in which 
the same frequency band is used for both the 
reverse link and the forward link. When there are a 
25 plurality of such mobile stations 71, the multiple 
access based on the direct spread scheme is 
made while using the same hopping pattern. 

In the base station 51, a transmission data 52 
to be transmitted to the mobile station 71 is modu- 
30 lated by the modulator 53 and then spread by the 
spreader 54 according to a spreading code al- 
located beforehand. In the adder 56, the output 
signal of the spreader 54 is multiplexed with output 
signals of spreaders in other mobile stations (not 
35 shown in Fig. 4) and also with the output signal of 
the pilot channel generator 55. The pilot channel is 
synchronized with the communication channel and 
is in the form of a fixed pattern, such as, a data 
pattern in which all the bits are "0" or "1". Such a 
40 fixed pattern is spread according to a specific 
spreading code, and the transmission power is 
maintained constant. The multiplexed signal is then 
multiplied by one of the carriers in the first multi- 
plier 57, and the output signal of the first multiplier 
45 57 is passed through the transmission BPF 58 to 
be transmitted from the antenna 59 to the transmis- 
sion path. The first carrier generator 65 and the 
second carrier generator 66 generate the carriers 
having the frequencies f1 and f2, respectively. The 
so change-over switch 67 changes over these carriers, 
so that the carrier having the frequency f2 is se- 
lected at time T1 in Fig. 6, while the carrier having 
the frequency f1 is selected at time T2 in Fig. 6. 
At the signal receiving part of the base station 
55 51, the signal received by the antenna 59 is 
passed through the reception BPF 60 and then 
multiplied by a carrier in the second multiplier 61, 
so that the signal frequency is converted from the 
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RF band to the baseband. The carrier used for 
multiplying in this case is also one of the output 
signals of the first and second carrier generator 65 
and 66. Contrary to the case of the signal transmis- 
sion, the output signals of the carrier generator 65 
and 66 are changed over by the change-over 
switch 67, so that the carrier having the frequency 
f1 is selected at time T1 , while the carrier having 
the frequency f2 is selected at time T2. The output 
signal of the second multiplier 61 is inputted to the 
correlation detector 62 in each of the mobile sta- 
tions 71. In the correlation detector 62 in the spe- 
cific mobile station 71, the correlation is detected 
according to the same spreading code as that used 
in the spreader 85 in the mobile station 71 so as to 
separate, from the signal produced by multiplexing 
the signals outputted from the plural mobile sta- 
tions 71, the signal transmitted through the com- 
munication channel for the specific mobile station 

71, and the signal so separated is inputted to the 
demodulator 63. The demodulator 63 demodulates 
the input signal to reproduce a reception data 64. 

In the mobile station 71 shown in Fig. 5, the 
signal transmitted from the base station 51 through 
the transmission path is received by the antenna 

72. The signal received is passed through the 
reception BPF 73 and then multiplied by a carrier 
in the first multiplier 74, so that the signal fre- 
quency is converted from the RF band to the 
baseband. The carrier is selected by changing over 
the output signals of the first and second carrier 
generator 88 and 89 by the change-over switch 90. 
As shown in Fig. 6, the carrier having the fre- 
quency f2 is selected at time T1, while the carrier 
having the frequency f1 is selected at time T2. The 
output signal of the first multiplier 74 is inputted to 
each of the pilot channel correlation detector 75, 
the communication channel correlation detector 76 
and the received power level detector 77. 

In the pilot channel correlation detector 75, the 
correlation is detected according to the spreading 
code used for spreading the pilot channel so as to 
separate the pilot channel, and the output signal of 
the pilot channel correlation detector 75 is inputted 
to each of the phase detector 78, the synchroniza- 
tion circuit 79 and the received power level detec- 
tor 77. The phase detector 78 detects deviation of 
the phase due to, for example, fading of the pilot 
channel and offset of the frequency of the carriers 
of the transmitted and received signals, and the 
resultant output signal of the phase detector 78 is 
inputted to the demodulator 80. Because both the 
pilot channel and the communication channel use 
the same carrier frequency and have the same 
transmission path, it is apparent that they show the 
same amount of phase deviation. Also, because the 
data pattern of the pilot channel is already known, 
the absolute phase can be easily detected. The 



synchronization circuit 79 acquires the timing of the 
data in the pilot channel, and the output signal of 
the synchronization circuit 79 is inputted to the 
demodulator 80. 
5 The communication channel correlation detec- 

tor 76 separates the communication channel al- 
located to the specific mobile station 71 as a result 
of the correlation detection, and the output signal of 
the communication channel correlation detector 76 

70 is inputted to each of the demodulator 80 and the 
received power level detector 77. The demodulator 
80 corrects the phase of the communication chan- 
nel on the basis of the phase deviation signal 
inputted from the phase detector 78 and then de- 

75 modulates the signal transmitted from the base 
station 51 on the basis of the timing fetched by the 
synchronization circuit 79, thereby producing a re- 
ception data 81. 

The received power level detector 77 detects 

20 the three power levels, that is, the overall power 
level of the received signal given by the output 
signal of the first multiplier 74, the power level of 
the communication channel given by the output 
signal of the communication channel correlation 

25 detector 76 and the power level of the pilot channel 
given by the output signal of the pilot channel 
correlation detector 75, and the output signal of the 
received power level detector 77 is inputted to the 
transmission power level control circuit 84. 

30 At the transmitting part of the mobile station 

71, a transmission data 82 to be transmitted to the 
base station 51 is modulated by the modulator 83, 
and the output signal of the modulator 83 is input- 
ted to the transmission power level control circuit 

35 84. The transmission power level control circuit 84 
controls the transmission power level on the basis 
of the three power levels detected by the received 
power level detector 77, and the output signal of 
the transmission power level control circuit 84 is 

40 inputted to the spreader 85. The manner of trans- 
mission power control by the transmission power 
level control circuit 84 will be described later. In the 
spreader 85, the input signal is spread according to 
the allocated spreading code, and the resultant 

45 signal is multiplied by one of the carriers in the 
second multiplier 86. The output signals of the first 
and second carrier generator 88 and 89 are 
changed over by the change-over switch 90, and, 
contrary to the case of signal reception, the carrier 

so having the frequency f1 is used at time T1, while 
the carrier having the frequency ,f2 is used at time 
T2. The output signal of the second multiplier 86 is 
passed through the transmission BPF 87 to be 
transmitted from the antenna 72 to the transmission 

55 path. 

The transmission power control in the illus- 
trated embodiment of the present invention resorts 
to the open loop control only. First, the frequency 
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f2 shown in Fig. 6 is noted. At time T1, the mobile 
station 71 receives from the base station 51 the 
signal whose carrier frequency is f2. At time T1, 
the pilot channel correlation detector 75 separates 
the pilot channel by the correlation detection, and 5 
the received power level detector 77 detects the 
average power level received during the period of 
one hop in the pilot channel. Also, after the correla- 
tion detection by the communication channel cor- 
relation* detector 76, the received power level de- w 
tector 77 detects the average power level received 
during the period of one hop in the communication 
channel. The transmission power level control cir- 
cuit 84 compares the detected value of one or both 
of the received power levels with a predetermined 75 
received power level to recognize the state of the 
forward link when the carrier frequency is f2. Then, 
the transmission power level control circuit 84 de- 
termines the transmission power level, so that the 
received power level at the base station 51 can be 20 
maintained at a predetermined constant value when 
the mobile station 71 transmits at time T2 the 
signal whose carrier frequency is f2. 

. At time T2, the mobile station 71 transmits the 
signal having the determined power level. During 25 
the period of the signal transmission, the received 
power level detector 77 detects the overall power 
level of the received signal appearing at the output 
of the first multiplier 74, and, on the basis of the 
detected overall power level of the signal received 30 
from the base station 51, the transmission power 
level' is controlled so as to follow up variation of the 
received power level. The value of the power level 
received at time T2 is that detected when the 
carrier frequency is f1, and the degree of fading 35 
differs from that of the signal being transmitted with 
the carrier frequency f2. Therefore, in this case, the 
system can deal with abrupt variation of the re- 
ceived power level due to, for example, shadowing 
by a building. The above manner of processing is 40 
executed for both the two carrier frequencies f1 
and f2, so that the desired transmission power 
control resorting to the open loop only can be 
achieved. 

When, in the illustrated embodiment of the 45 
present invention, the transmission power level of 
the pilot channel is selected to be higher than that 
of the communication channel in the base station 
51, the received power level of the pilot channel in 
the mobile station 71 can be detected with higher so 
accuracy. Thus, the phase can be more easily 
detected, and the synchronization timing can be 
more easily fetched, so that the demodulation per- 
formance can be greatly improved. 
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Claims 

1. A wireless mobile system, comprising a base 
station (51) and a mobile station (71) each of 
which includes communication means based 
on a hybrid code division multiple access 
scheme using a combination of a direct spread 
scheme and a frequency hopping scheme as a 
multiple access scheme; 

a hopping pattern being selected so that a 
carrier frequency used for signal transmission 
through a forward link from said base station to 
said mobile station and another carrier fre- 
quency used for signal transmission through a 
reverse link from said mobile station to said 
base station may not overlap each other at the 
same time, and in the same frequency band 
including both of said carrier frequencies, first 
and second transmission signals being trans- 
mitted from said base station to said mobile 
station and from said mobile station to said 
base station, respectively: characterized in 
that; 

said base station comprises; 
pilot channel generator means (55) for 
generating a pilot channel using a fixed pattern 
which is synchronous with a communication 
channel and has a data pattern in which all bits 
are "0" or "1 and 

said mobile station comprises; 
communication channel correlation detec- 
tor means (76) for performing a first correlation 
detection to separate a communication channel 
allocated to said mobile station from said com- 
munication channel included in a reception sig- 
nal, said reception signal being said first trans- 
mission signal received by said mobile station; 

pilot channel correlation detector means 
(75) for performing a second correlation detec- 
tion to detect said pilot channel from said 
reception signal; 

received power level detector means (77) 
for detecting a received power level of said 
pilot channel detected by said pilot channel 
correlation detector means at a carrier fre- 
quency of said received first transmission sig- 
nal; and 

transmission power level control means 
(84) for controlling, on the basis of the re- 
ceived power level of said pilot channel de- 
tected by said received power level detector 
means, a transmission power level at the time 
of transmission of said second transmission 
signal using a carrier having the same fre- 
quency as that of said received first transmis- 
sion signal, so that a received power level of 
said second transmission signal at said base 
station can be maintained at a predetermined 
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constant value. 

A wireless mobile system according to, Claim 
1, characterized in that: 

said received power level detector means s 
(77) detects, besides the received power level 
of said pilot channel, a received power level of 
said communication channel separated by said 
communication channel correlation detector 
means (76) at the carrier frequency of said w 
received first transmission signal; and 

said transmission power level control 
means (84) controls the transmission power 
level of said second transmission signal on the 
basis of the received power level of said pilot " is 
channel and the received power level of said 
communication channel both of which are de- 
tected by said received power level detector 
means. 

20 

A wireless mobile system according to Claim 
1 , characterized in that: 

said received power level detector means 
(77) detects, besides the received power level 
of said pilot channel, a received power level of 2s 
said reception signal; 

said transmission power level control 
means (84) controls the transmission power 
level of said second transmission signal on the 
basis of the received power level of said pilot 30 
channel and the received power level of said 
reception signal both of which are detected by 
said received power level detector means; and 

when the transmission power level of said 
second transmission signal is controlled on the 35 
basis of the received power level of said re- 
ception signal, said transmission power level 
control means controls said transmission pow- 
er level as soon as the received power level of 
said reception signal is detected. 40 

A wireless mobile system according to Claim 
1 , characterized in that: 

said received power level detector means 
(77) detects, besides the received power level 45 
of said pilot channel, a received power level of 
said communication channel separated by said 
communication channel correlation detector 
means (76) at the carrier frequency of said 
received first transmission signal and a re- 50 
ceived power level of said reception signal; 

said transmission power level control 
means (84) controls the transmission power 
level of said second transmission signal on the 
basis of the received power level of said pilot 55 
channel, the received power level of said com- 
munication channel separated by said commu- 
nication channel correlation detector means 



and the received power level of said reception 
signal all of which are detected by said re- 
ceived power level detector means; and 

when the transmission power level of said 
second transmission signal is controlled on the 
basis of the received power level of said re- 
ception signal, said transmission power level 
control means controls said transmission pow- 
er level as soon as the received power level of 
said reception signal is detected, 

5. A wireless mobile system according to any 
one of Claims 1-4, characterized in that said 
mobile station (71) further comprises: 

synchronization means (79) for acquiring a 
timing of a data in said pilot channel detected 
by said pilot channel correlation detector 
. means (75); and 

demodulator means (80) for demodulating, 
on the basis of said timing acquired by said 
synchronization means, a data of said commu- 
nication channel separated by said commu- 
nication channel correlation detector means 
(76). 

6. A wireless mobile system according to any 
one of Claims 1-4, characterized in that said 
mobile station (71) further comprises: 

phase detector means (78) for detecting a 
phase of said reception signal on the basis of 
said pilot channel detected by said pilot chan- 
nel correlation detector means (75); and 

demodulator means (80) for demodulating, 
on the basis of said phase detected by said 
phase detector means, a data of said commu- 
nication channel separated by said commu- 
nication channel correlation detector means 
(76). 

7. A wireless mobile system according to Claim 
5, characterized in that: 

said mobile station (71) further comprises 
phase detector means (78) for detecting a 
phase of said reception signal on the basis of 
said pilot channel detected by said pilot chan- 
nel correlation detector means (75); and 

said demodulator means (80) demodu- 
lates, on the basis of said timing acquired by 
said synchronization means (79) and said 
phase detected by said phase detector means, 
a data of said communication channel sepa- 
rated by said communication channel correla- 
tion detector means (76). 

8. A wireless mobile system, comprising a base 
station (51) and a mobile station (71) each of 
which includes communication means based 
on a hybrid code division multiple access 
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scheme using a combination of a direct spread 
scheme and a frequency hopping scheme as a 
multiple access scheme; 

a hopping pattern being selected so that a 
carrier frequency used for signal transmission 5 
through a forward link from said base station to 
said mobile station and another carrier fre- 
quency used for signal transmission through a 
reverse link from said mobile station to said 
base station may not overlap each other at the w 
same time, and in the same frequency band 
including both of said carrier frequencies, first 
and second transmission signals being trans- 
mitted from said base station to said mobile 
station and from said mobile station to said 75 
base station, respectively: characterized in 
that; 

said mobile station comprises; 

communication channel correlation detec- 
tor means (76) for performing a first correlation 20 
detection to separate a communication channel 
allocated to said mobile station from said com- 
munication channel included in a reception sig- 
nal, said reception signal being said first trans- 
mission signal received by said mobile station; 25 

received power level detector means (77) 
for detecting a received power level of said 
communication channel separated by said 
communication channel correlation detector 
means at a carrier frequency of said received 30 
first transmission signal; and 

transmission power level control means 
(84) for controlling, on the basis of the re- 
ceived power level of said communication 
channel detected by said received power level 35 
detector means, a transmission power level at 
the time of transmission of said second trans- 
mission signal using a carrier having the same 
frequency as that of said received first trans- 
mission signal, so that a received power level ao 
of said second transmission signal at said base 
station can be maintained at a predetermined 
constant value. 

A wireless mobile system according to Claim 45 
8, characterized in that: 

said received power level detector means 
(77) detects, besides the received power level 
of said communication channel separated by 
said communication channel correlation detec- so 
tor means (76), a received power level of said 
reception signal; 

said transmission power level control 
means (84) controls the transmission power 
level of said second transmission signal on the 55 
basis of the received power level of said com- 
munication channel and the received power 
level of said reception signal both of which are 



detected by said received power level detector 
means; and 

when the transmission power level of said 
second transmission signal is controlled on the 
basis of the received power level of said re- 
ception signal, said transmission power level 
control means controls said transmission pow- 
er level as soon as the received power level of 
said reception signal is detected. 
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